INTRODUCTION
============

Major complications of hysterectomy are rare.^[@B1]^ However, because hysterectomy is one of the most commonly performed surgical procedures in women,^[@B2]^ efforts to decrease risks associated with this procedure have the potential for public health impact. One such effort may include optimizing referral to surgeons with appropriate experience and volumes of major gynecologic cases. In many surgical fields the relationship between surgical volume and operative outcome has been investigated. For example, one study of greater than 470 000 Medicare patients undergoing either cardiovascular procedures or cancer resections found that the operative mortality rate was strongly and inversely related to surgeon volume for each procedure.^[@B3]^ In the field of gynecology, this relationship has been examined with regard to procedures including abdominal myomectomy, hysteroscopic myomectomy, cancer surgery, pubovaginal sling placement, and pelvic reconstruction.^[@B4][@B5][@B12]^ Specifically regarding hysterectomy performed for benign indications, however, the available data are limited and conflicting.

In this study we aim to address two key issues raised by prior work. Most past studies on this subject have used relatively low cutoff values to define high-volume surgical status, equating high volume to approximately one hysterectomy per month. Although the number of cases required to achieve initial skill mastery for hysterectomy has been estimated at 30 cases,^[@B13],[@B14]^ it is not evident how this translates to annual case volume recommendations because maintenance of performance may require frequency and repetition. We aim to stratify surgical volume categories beyond what has previously been done to determine whether there is a greater difference observed between very high-volume surgeons and low- or intermediate-volume surgeons. Second, much of the available data are limited by long periods of data collection and isolated examination of only one route of hysterectomy. This may cause particular difficulty for analysis of laparoscopic hysterectomy because it is characterized by continually evolving technology and more variation in practice patterns. By using the database of all hysterectomies (including abdominal, vaginal, laparoscopic, and robotic) performed at Brigham and Women\'s Hospital in the years 2006, 2009, and 2010, we hope to gain more insight into patterns of perioperative outcomes.

MATERIALS AND METHODS
=====================

Data Source
-----------

Internal review board approval from Partner\'s Healthcare was obtained. All hysterectomies performed in 2006, 2009, and 2010 at Brigham and Women\'s Hospital were identified by use of data from the billing department. All abdominal, vaginal, laparoscopic, and robotic-assisted laparoscopic hysterectomies were included. To limit confounding variables, cases performed for oncologic or obstetric indications were excluded. Of note, most cases are completed with resident or fellow assistance because the hospital is an academic institution. The creation of this hysterectomy database has been described in detail elsewhere and was used initially to evaluate evolving hysterectomy practice between the years 2006 and 2009.^[@B15]^ The existing hysterectomy database was expanded to include additional data from 2010 for the purposes of this study.

Surgeon Volume
--------------

The number of hysterectomies performed annually was determined for each surgeon by review of case statistics from our database. Consideration was given to the fact that surgeons may also practice at outside institutions; therefore the report of hysterectomy volume at all other institutions was also taken into account. Information about operative experience at outside institutions was obtained from the department administration and confirmed with medical records at those institutions. The case load of hysterectomies performed annually over the study period was then averaged to generate the average annual hysterectomy volume for each surgeon. After review of a histogram of the distribution of hysterectomy volumes (**[Figure 1](#F1){ref-type="fig"}**), surgeons were categorized as low-volume (\<11 hysterectomies per year), intermediate-volume (11--50 hysterectomies per year), or high-volume (\>50 procedures per year) surgeons.

![Annual hysterectomy volume of surgeons. The low-volume group was defined as \<11 annual hysterectomy cases. The medium-volume group was defined as 11 to 50 annual hysterectomy cases. The high-volume group was defined as \>50 annual hysterectomy cases.](jls0041331760001){#F1}

Outcomes
--------

Information was abstracted from the medical record regarding age, length of hospital stay, and operative time (reported as time in and time out of the operating room). Patient charts were reviewed for body mass index, parity, prior abdominal surgeries, indication, procedure, estimated blood loss during surgery, pathology report, uterine weight, intraoperative complications, and postoperative complications. Intraoperative complications included estimated blood loss ≥1000 mL, vessel or visceral organ injury, and major cardiac/pulmonary events. By use of a previously reported complication grading scheme,^[@B16]^ major postoperative complications included readmission, reoperation, ileus, and pulmonary embolism; minor postoperative complications included infections (urinary tract, lung, wound, or fever), urinary retention, and deep vein thrombosis.

Statistical Analysis
--------------------

Baseline characteristics and perioperative outcomes were compared across hysterectomies performed by three distinct categories of operators, classified based on their average annual surgical volume. We used the one-way analysis of variance test to compare continuous variables and the χ^2^ test or Fisher exact test to compare categorical variables. All comparisons were considered to have reached statistical significance at a value of ≤ .05. We also performed the Bonferroni correction for multiple comparisons where applicable.

RESULTS
=======

A total of 1914 hysterectomies were performed in 2006, 2009, and 2010 for benign non-obstetric indications. Of these cases, 33.7% (n = 644) were abdominal, 20.5% (n = 393) vaginal, and 45.8% (877) laparoscopic or robotic. The number of hysterectomies per year remained stable, with 635 procedures in 2006, 643 procedures in 2009, and 636 procedures in 2010.

**[Figure 1](#F1){ref-type="fig"}** shows the breakdown of surgical volume among the 85 gynecologic surgeons who contributed cases to this study. There were 67 surgeons (78.8%) included in the low-volume group (\<11 hysterectomies per year), 10 (11.8%) in the intermediate-volume group (11--50 hysterectomies per year), and 8 (9.4%) in the high-volume group (\>50 hysterectomies per year). Overall, 43.8% (838) of the hysterectomies were performed by high-volume surgeons, 35.6% (682) by intermediate-volume surgeons, and 20.6% (394) by low-volume surgeons.

The patients who underwent hysterectomy by a low-, intermediate-, or high-volume surgeon did not differ from each other significantly in terms of parity or surgical history before undergoing a hysterectomy (**[Table 1](#T1){ref-type="table"}**). The participants in the cohort of hysterectomies performed by high-volume surgeons were older and were noted to have a slightly higher body mass index. Although it did not reach statistical significance, the patients on whom high-volume surgeons operated were noted to have a more frequent history of laparotomy (31.7% in both low- and intermediate-volume groups vs 36.75% in high-volume group, *P* = .061).

###### 

Baseline Characteristics of Hysterectomy Cohort by Surgeon Volume Category

                                                    Low Volume (n = 394)   Intermediate Volume (n = 682)   High Volume (n = 838)   *P* Value
  ------------------------------------------------- ---------------------- ------------------------------- ----------------------- -----------
  Age (y)                                           46.83 ± 7.83           48.24 ± 9.26                    50.95 ± 11.51           \<.001
  Parity                                            1.88 ± 1.5             1.83 ± 1.37                     1.86 ± 1.5              .863
  BMI^[a](#TF1-1){ref-type="table-fn"}^ (kg/m^2^)   28.57 ± 6.41           27.29 ± 5.89                    28.93 ± 7.6             .002
  Previous laparoscopy                              98 (24.87)             161 (23.61)                     207 (24.7)              .852
  Previous laparotomy                               124 (31.7)             216 (31.67)                     308 (36.75)             .061
  Type of hysterectomy                                                                                                             
      Abdominal                                     168 (42.64)            134 (19.65)                     342 (40.81)             \<.001
      Vaginal                                       80 (20.3)              144 (21.11)                     169 (20.17)             
      Laparoscopic                                  139 (35.28)            395 (57.92)                     303 (36.16)             
      Robotic                                       7 (1.78)               9 (1.32)                        24 (2.86)               
  Findings^[b](#TF1-2){ref-type="table-fn"}^                                                                                       
      Fibroids                                      254 (64.47)            475 (69.65)                     414 (49.4)              \<.001
      Endometriosis                                 36 (9.14)              72 (10.56)                      92 (10.98)              .611
      Urogynecologic problems                       72 (18.27)             140 (20.53)                     156 (18.62)             .556
      Adhesions                                     115 (29.19)            169 (24.78)                     236 (28.16)             .202

Data are given as mean ± SD or number (percent).

BMI = body mass index.

The total does not add up to 100% because cases may have had \>1 finding.

The route of hysterectomy differed significantly by surgical volume category, with abdominal hysterectomy being the most common approach for both the low- and high-volume surgeons (42.64% of low-volume cases, 19.65% of intermediate-volume cases, and 40.81% of high-volume cases; *P* \< .001). The primary mode of hysterectomy for intermediate-volume surgeons was laparoscopic (57.92% of cases), whereas robotic-assisted laparoscopic hysterectomies were performed more frequently by the high-volume surgeons (2.86% of cases). Regarding case mix, low- and intermediate-volume surgeons were predominantly operating on cases of uterine fibroids whereas the high-volume group had more varied indications (fibroids in 64.47% and 69.65% of cases in the low-and intermediate-volume groups vs 49.4% in the high-volume group, *P* \< .001). The operative findings of endometriosis, adhesions, or urogynecologic issues (mainly prolapse) did not differ significantly in the three groups under study.

Perioperative outcomes for all hysterectomies performed by low-, intermediate-, and high-volume surgeons are shown in **[Table 2](#T2){ref-type="table"}**. A significant decline in operative time (203.35 minutes in low-volume group, 199.19 minutes in intermediate-volume group, and 155.11 minutes in high-volume group; *P* \< .001) and estimated blood loss (237.96 mL in low-volume group, 205.58 mL in intermediate-volume group, and 161.09 mL in high-volume group; *P* \< .001) was seen as the surgical volume increased. On average, surgeries performed by high-volume operators required 44 to 48 fewer minutes and resulted in 44 to 76 mL less blood loss compared with intermediate- and low-volume surgeons. Interestingly, the mean length of hospital stay was found to be slightly higher in the surgeries performed by high-volume surgeons (1.8 days in low-volume group, 1.35 days in intermediate-volume group, and 2.06 days in high-volume group; *P* \< .001). The three surgical volume groups did not differ from each other significantly with regard to conversion to laparotomy, readmission rate, or incidence of intraoperative or postoperative complications.

###### 

Perioperative Outcomes of Hysterectomy Cohort by Surgeon Volume Category

                                                 Low Volume (n = 394)   Intermediate Volume (n = 682)   High Volume (n = 838)   *P* Value
  ---------------------------------------------- ---------------------- ------------------------------- ----------------------- -----------
  Operating time (min)                           203.35 ± 64.34         199.19 ± 69.41                  155.11 ± 53.98          \<.001
  Length of hospital stay (d)                    1.8 ± 1.32             1.35 ± 1.39                     2.06 ± 1.67             \<.001
  Uterine weight (g)                             305.39 ± 346.88        312.12 ± 398.75                 300.95 ± 469.99         .877
  EBL^[a](#TF2-1){ref-type="table-fn"}^ (mL)     237.96 ± 254.29        205.58 ± 238.9                  161.09 ± 255.46         \<.001
  Conversion^[b](#TF2-2){ref-type="table-fn"}^   9 (3.98)               15 (2.74)                       10 (2.02)               .314
  Readmission                                    19 (4.82)              18 (2.64)                       36 (4.3)                .123
  Intraoperative complications                   14 (3.55)              23 (3.37)                       15 (1.79)               .087
  Postoperative complications                    44 (11.17)             73 (10.7)                       104 (12.41)             .565
  Total complications                            55 (13.96)             88 (12.9)                       114 (13.6)              .87

Data are given as mean ± SD or number (percent).

EBL = estimated blood loss.

For conversion outcome, total eligible cases equals 1270 (excluding abdominal).

To better appreciate the potential differences among surgical volume groups, the perioperative characteristics were analyzed separately for each mode of hysterectomy (**[Tables 3](#T3){ref-type="table"}[](#T4){ref-type="table"}--[5](#T5){ref-type="table"}**). When we looked at abdominal hysterectomies alone (**[Table 3](#T3){ref-type="table"}**), the relationship of shorter operative time (202.54 minutes in low-volume group, 184.39 minutes in intermediate-volume group, and 164.27 minutes in high-volume group; *P* \< .001) and lower estimated blood loss (321.96 mL in low-volume group, 379.54 mL in intermediate-volume group, and 253.89 mL in high-volume group; *P* \< .001) among high-volume surgeons is maintained. The length of stay is also longer in the high-volume abdominal hysterectomy group; however, no differences are seen regarding readmission or intraoperative or postoperative complications.

###### 

Perioperative Outcomes by Surgeon Volume Category for Abdominal Hysterectomy

                                                 Low Volume (n = 168)   Intermediate Volume (n = 134)   High Volume (n = 342)   *P* Value
  ---------------------------------------------- ---------------------- ------------------------------- ----------------------- -----------
  Operating time (min)                           202.54 ± 57.26         184.39 ± 52.07                  164.27 ± 53.16          \<.001
  Length of hospital stay (d)                    2.55 ± 1.35            2.57 ± 1.63                     3.28 ± 1.85             \<.001
  Uterine weight (g)                             438.13 ± 440.42        733.30 ± 659.47                 455.39 ± 631.45         \<.001
  EBL^[a](#TF3-1){ref-type="table-fn"}^ (mL)     321.96 ± 262.63        379.54 ± 291.54                 253.89 ± 331.46         \<.001
  Conversion^[b](#TF3-2){ref-type="table-fn"}^   NA                     NA                              NA                      NA
  Readmission                                    7 (4.17)               3 (2.24)                        19 (5.56)               .283
  Intraoperative complications                   4 (2.38)               3 (2.24)                        8 (2.34)                .997
  Postoperative complications                    22 (13.10)             20 (14.93)                      63 (18.42)              .276
  Total complications                            26 (15.48)             23 (17.16)                      68 (19.88)              .452

Data are given as mean ± SD or number (percent).

EBL = estimated blood loss; NA = Not Applicable.

For conversion outcome, total eligible cases equals 1270 (excluding abdominal).

###### 

Perioperative Outcomes by Surgeon Volume Category for Vaginal Hysterectomy

                                                 Low Volume (n = 80)   Intermediate Volume (n = 144)   High Volume (n = 169)   *P* Value
  ---------------------------------------------- --------------------- ------------------------------- ----------------------- -----------
  Operating time (min)                           178.64 ± 62.83        194.12 ± 46.67                  114.09 ± 31.84          \<.001
  Length of hospital stay (d)                    1.51 ± .69            1.66 ± .84                      1.30 ± .64              .004
  Uterine weight (g)                             123.05 ± 110.75       88.81 ± 59.31                   107.11 ± 108.69         .028
  EBL^[a](#TF4-1){ref-type="table-fn"}^ (mL)     218.37 ± 233.2        215.36 ± 264.22                 106.83 ± 155.65         \<.001
  Conversion^[b](#TF4-2){ref-type="table-fn"}^   1 (1.25)              1 (.69)                         2 (1.18)                .888
  Readmission                                    4 (5)                 4 (2.78)                        5 (2.96)                .635
  Intraoperative complications                   2 (2.5)               5 (3.47)                        1 (.59)                 .188
  Postoperative complications                    5 (6.25)              28 (19.44)                      14 (8.28)               .002
  Total complications                            7 (8.75)              31 (21.53)                      15 (8.88)               .003

Data are given as mean ± SD or number (percent).

EBL = estimated blood loss.

For conversion outcome, total eligible cases equals 1270 (excluding abdominal).

###### 

Perioperative Outcomes by Surgeon Volume Category for Laparoscopic and Robotic Hysterectomy

                                                 Low Volume (n = 146)   Intermediate Volume (n = 404)   High Volume (n = 327)   *P* Value
  ---------------------------------------------- ---------------------- ------------------------------- ----------------------- -----------
  Operating time (min)                           217.8 ± 68.86          205.9 ± 79.66                   166.83 ± 53.91          \<.001
  Length of hospital stay (d)                    1 ± 1.02               .77 ± 1.04                      1.15 ± .83              \<.001
  Uterine weight (g)                             252.57 ± 233.43        252.02 ± 208.54                 239.61 ± 309.38         .779
  EBL^[a](#TF5-1){ref-type="table-fn"}^ (mL)     152.56 ± 225.25        144.06 ± 172.37                 92.05 ± 157.60          \<.001
  Conversion^[b](#TF5-2){ref-type="table-fn"}^   8 (5.48)               14 (3.47)                       8 (2.45)                .254
  Readmission                                    8 (5.48)               11 (2.72)                       12 (3.67)               .299
  Intraoperative complications                   8 (5.48)               15 (3.71)                       6 (1.83)                .101
  Postoperative complications                    17 (11.64)             25 (6.19)                       27 (8.26)               .105
  Total complications                            22 (15.07)             34 (8.42)                       31 (9.48)               .066

Data are given as mean ± SD or number (percent).

EBL = estimated blood loss.

For conversion outcome, total eligible cases equals 1270 (excluding abdominal).

For the subgroup of vaginal hysterectomy (**[Table 4](#T4){ref-type="table"}**), the high-volume surgeons had a faster operative time (178.64 minutes in low-volume group, 194.12 minutes in intermediate-volume group, and 114.09 minutes in high-volume group; *P* \< .001), lower estimated blood loss (218.37 mL in low-volume group, 215.36 mL in intermediate-volume group, and 106.83 mL in high-volume group; *P* \< .001), and shorter hospital stay. Of note, postoperative complications from vaginal hysterectomy were highest in the intermediate-volume group (6.25% in low-volume group, 19.44% in intermediate-volume group, and 9.28% in high-volume group; *P* = .002). Conversion to laparotomy, readmission rate, and intraoperative complications did not differ by surgical volume cohort.

Analysis of solely laparoscopic and robot-assisted laparoscopic hysterectomies also showed a faster operative time (217.8 minutes in low-volume group, 205.9 minutes in intermediate-volume group, and 166.83 minutes in high-volume group; *P* \< .001) and decreased blood loss (152.56 mL in low-volume group, 144.06 mL in intermediate-volume group, and 92.05 mL in high-volume group; *P* \< .001) in the high-volume group. In addition, the length of hospital stay was highest in the high-volume group, although no difference was seen in readmissions. The difference in total complications neared statistical significance, with fewer intraoperative complications seen in the intermediate- and high-volume groups (15.07% in low-volume group, 8.42% in intermediate-volume group, and 9.48% in high-volume group; *P* = .066).

DISCUSSION
==========

Concerning hospital-level data for abdominal hysterectomy, it has been suggested that academic status or hospital volume may not be as important a modifier of surgical outcomes for this common procedure of relatively lower risk as compared with more complex operations.^[@B17]^ Similar conclusions were reached when surgeon-level data were analyzed in a retrospective cohort study of greater than 8000 women who underwent abdominal hysterectomy at one institution between 1995 and 2005.^[@B18]^ In that study the authors asserted that although high-volume surgeons (defined by completion of greater than 10 hysterectomies per year) have fewer complications and shorter operative times, the overall rate of complications is low enough to deem hysterectomy safely performed by both groups. The relationship between surgeon volume and perioperative outcomes from vaginal hysterectomy has been assessed through an analysis of greater than 77 000 cases taken from a national database for the years 2003--2007.^[@B19]^ Findings included both lower perioperative complications and resource use in the high-volume vaginal surgeon group (defined by completion of greater than 13 vaginal hysterectomies per year). Volume-related outcomes from laparoscopic hysterectomy have also been examined in a retrospective analysis of 1000 procedures from a single institution during the years 1999--2008.^[@B13]^ This study did not find any differences between the high- and low-volume surgeon groups aside from a shorter operative time for high-volume surgeons (loosely defined as completion of greater than 30 cases, not specific to laparoscopic hysterectomy or annual case volume). However, a large database analysis of 124 615 benign laparoscopic hysterectomies performed during the years 2000--2010 found significantly decreased risk of overall morbidity, complications, prolonged hospitalization, and resource utilization in high-volume surgeons (defined as greater than 14.1 operations per year).^[@B20]^ Finally, a more recent prospective cohort study of 1534 laparoscopic hysterectomies performed over a 1-year study period showed no effect of annual hysterectomy surgical volume on blood loss, operative time, or adverse events.^[@B21]^ Interestingly, the authors did identify an intangible surgical skills factor that was associated with procedure success and noted that increasing cumulative surgical experience (up to 125 procedures) was also associated with improved outcomes.

With the benefit of a large hysterectomy database and expanded categorization of surgeon volume, we confirm a strong relationship between operator surgical volume and both shorter operative time and lower estimated blood loss. These outcomes were strikingly maintained for all modes of hysterectomy, building on prior findings.^[@B13],[@B18],[@B19]^ Interestingly, the incidence of conversion to laparotomy and readmission rate did not differ among surgical volume cohorts for any of the modes of hysterectomy. Few differences were seen in the occurrence of complications, with the highest occurrence of postoperative complications from vaginal hysterectomy for the intermediate-volume cohort and highest occurrence of total complications from laparoscopic/robotic-assisted laparoscopic hysterectomy in the low-volume cohort.

The findings regarding length of stay are inconsistent among modes of hysterectomy, with decreased hospital stay after vaginal hysterectomy by high-volume surgeons but increased hospital stay after abdominal or laparoscopic/robotic hysterectomy by high-volume surgeons. One possible explanation for the increased length of stay in selected high-volume cohorts is a greater complexity of cases undertaken by the more referral-based high-volume surgeons, although this was not reflected in terms of higher uterine weights for this group. Arguably, uterine weight is an imperfect predictor of case complexity, and other unmitigated clinical factors may be at play, such as surgeon specialization. For example, many of the surgeons in the high-volume group are gynecologic oncologists who perform predominantly abdominal or laparoscopic/robotic cases; even when one analyzes only their benign hysterectomies, these surgeons are likely dealing with a more challenging case mix. In addition, hospital stay may reflect physician preference or practice patterns.

Strengths of this study include the variety of gynecologic surgeons included, with a selection of subspecialists and generalists. By limiting analysis to a 5-year time frame (2006, 2009, and 2010) at one institution, the effect of extrinsic factors on perioperative outcomes is diminished. We have also stratified surgical volume categories more finely than previous work on the subject in an attempt to observe the breakdown of operator experience. Limitations of this study include its retrospective nature and inherent potential for errors in data collection. In addition, one of our main outcomes measures, estimated blood loss, is a subjectively reported value (surgeon\'s estimated blood loss as listed in the operative note) as opposed to being objectively verified. Although we attempted to accurately code each physician\'s average annual hysterectomy case volume, we did not account for cumulative years of experience or other factors such as learning curve or fellowship training. This variety of providers and types of cases is a benefit but also may introduce confounding factors that are not entirely accounted for in our study design. In addition, we may have an incomplete sample size to detect rare outcomes such as major complications and conversion to laparotomy.

CONCLUSION
==========

We have established that high-volume surgeons have shorter operative times and less blood loss for all modes of hysterectomy. Prior work from our institution has shown that charges based on operating room time account for the vast majority of total operative charges for hysterectomy (unpublished data, presented in abstract form at 2010 American Association of Gynecologic Laparoscopists AAGL meeting by K.N. Wright). Given the current focus on containing health care costs, the importance of operative time savings cannot be overlooked. It is uncertain, however, whether the benefits of operator experience extend to other perioperative outcomes. This may in part reflect practices already in place at our institution that allow for accurate referral of cases to the appropriate surgical provider, thereby mitigating gradients in perioperative complications. At our hospital, we have seen a trend of low- and intermediate-volume surgeons transitioning to minimally invasive modes of access, which highlights the need for continued training to maintain optimal patient outcomes, in addition to appropriate surgical referral networks as needed.
